Current convincing evidence suggests that alcohol intake increases the risk of several carcinomas, which might subsequently lead to a recommendation toward limiting alcohol consumption. However, there are accumulating data worth meta-analyzing that show a different effect on the risk of hematological malignancies. Eligible cohort studies were sought in There was also no association between alcohol consumption and risk of HL or leukemias. In contrast to most solid malignancies, alcohol seems to confer a protective effect on NHL risk, especially on DLBCL and FL subtypes, with beer being notably beneficial.
Introduction
Alcohol consumption was estimated to be the cause of about 3.3 million deaths in 2012, whereas it accounts for 5.1% of global burden of disease and injury, according to the World Health Organization (WHO). 1 Interestingly, cancer is responsible for 12.5% of all alcohol-attributable deaths and 8.6% of alcohol-attributable burden of disease and injury. 1 Alcohol increases cancer incidence and mortality in Europe and in the USA, even when consumed in small amounts, regardless the type of alcoholic beverage. 2, 3 However, protective effects of alcohol intake have been supported regarding renal cell carcinoma and thyroid cancer. 4, 5 Variable effects of alcohol consumption levels on cancer risk have been described by Bagnardi et al. 6 Hematological malignancies like lymphomas and leukemias are a heterogenous group of entities that are subcategorized into various subtypes reflecting distinct characteristics in terms of a combination of clinical features, morphology, immunophenotyping, cytogenetics and molecular genetics; 7 their incidence may be affected by lifestyle and dietary factors. Regarding overall leukemia, a positive correlation with increased caloric intake has been indicated. 8 Moreover, acute and chronic myeloid leukemias (AML and CML) have been positively related to cigarette smoking and high body mass index (BMI), while CML incidence was inversely associated with vigorous physical activity. [9] [10] [11] Non-Hodgkin lymphoma (NHL) has been strongly associated with infectious agents like viruses (HIV, EBV, HTLV-1), bacteria (Helicobacter pylori), immune deficiency, autoimmune disorders and the use of antineoplastic drugs. 12 Hodgkin lymphoma (HL) incidence seems to vary significantly in relation with ethnicity and socio-economic status. 13 As far as lifestyle factors are concerned, there are studies supporting a positive correlation between the risk of various subtypes of lymphomas and smoking, 14 BMI 15 and exposure to pesticides; 16 however, physical activity and UV exposure may protect against lymphomas. 12 In the case of dietary factors, there is diversity in the results of studies concerning the risk of lymphomas, which points out the need for further investigation in the field of nutritional cancer epidemiology. Taking into account all the above along with the increasing trend in per capita consumption of alcohol worldwide, 1 the possible effects of alcohol intake on the risk of hematologic malignancies seem worth meta-analyzing. Thus, our scope is to conduct a systematic review and meta-analysis, along with a series of subgroup analyses, investigating the association between alcohol/alcoholic beverages and lymphomas/leukemias in adults, adopting the World Cancer Research Fund (WCRF) framework on prospective studies.
Materials and Methods

Search strategy and eligibility of studies
The meta-analysis of observational studies in epidemiology (MOOSE) guidelines were followed in the present metaanalysis. Potentially eligible articles were sought in PubMed, with end of search date August 31, 2016, using the following search algorithm: (alcohol OR alcoholic OR ethanol OR wine OR beer OR liquor) AND ((Lymphoma OR lymphomas OR Hodgkin OR Hodgkin's OR non-Hodgkin OR non-Hodgkin's) OR (leukemia OR leukemias OR leukemic OR leukaemia OR leukaemias OR leukaemic)) AND (prospective OR prospectively OR follow-up OR "followed up" OR cohort OR cohorts OR longitudinal). As far as publication language is concerned, no restriction was implemented. A "snowball" procedure was adopted in terms of systematic search of the reference lists for potentially relevant publications.
This meta-analysis was performed in accordance with a protocol signed by all authors, that was peer reviewed and approved by the WCRF scientific experts. Eligible studies were considered exclusively cohort studies examining the association between alcohol consumption and NHL or HL or leukemia among adult populations. Case series and case reports, in vitro and animal studies were not included in this meta-analysis, while randomized controlled trials were not anticipated on the field taken into consideration the nature of the topic. It should be underlined that case-control studies were not included due to their inherent biases and methodological limitations; the analysis was based on cohort studies, following the framework of WCRF Reports. [19] [20] [21] In case that study populations overlapped, only the larger study was included. The selection of studies was performed by two reviewers (INS, IGT) working independently and any disagreements were resolved by team consensus.
Data extraction and effect estimates
Details regarding the data extraction and effect estimates are provided in Supporting Information Methods.
Statistical analysis
Statistical analyses comprised pooling of studies, along with meta-regression analysis. Statistical synthesis was performed in case of three or more eligible study arms. Random effects (DerSimonian-Laird) models were appropriately used to calculate pooled effect estimates. Between-study heterogeneity was assessed through Cochran Q statistic and by estimating I 2 .
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To ensure comparability to other meta-analyses 6, [23] [24] [25] examining the association between alcohol consumption and risk of hematologic malignancies, grams of ethanol per day (gpd) were used as the standard measurement unit, defining one drink as 12.5 g of ethanol. More specifically, in case of a category a-b gpd, the midpoint (arithmetic mean) was allocated, whereas in case of upper, open ended categories (>a), multiplication of the lower bound by 1.2 was performed, according to Berlin et al. 26 Based on gpd, three levels of alcohol consumption were defined: 6, 24, 25 light drinkers (<512.5 gpd), moderate drinkers (12.5-50 gpd) and heavy drinkers (>550gpd). An overall analysis pooling ever and/or current alcohol consumption was performed to maximize the amount of synthesized information; during the "ever/current" analysis, in case of studies reporting both categories, current alcohol consumption was entered into the models as an indicator of the actual impact of alcohol intake on the risk of hematological malignancies. In addition, a post hoc sensitivity analysis was performed, synthesizing only the study arms pertaining to current alcohol consumption, in an attempt to examine the reproducibility of results in the latter subset.
Subgroup analyses were performed by subtype of hematologic malignancy (NHL and subtypes; HL; leukemia and subtypes), time status (ever, current, former), gender (males; females), type of alcoholic beverage (beer; wine; liquor) and levels of alcohol consumption (light; moderate; heavy drinkers). In addition, a two-term fractional polynomial model was applied to assess higher order dose-response associations. 27 Statistical analysis and meta-regression analysis were performed using STATA/SE version 13 (Stata Corp, College Station, TX).
Risk of bias
As far as the risk of bias is concerned, the Newcastle-Ottawa Quality scale 28 was used to evaluate the quality of the included studies; whenever possible, subgroup analyses were
What's new? Alcohol consumption may increase the risk of many types of cancer. However, it may actually reduce the risk of some hematological cancers. In this meta-analysis, the authors found that this may indeed be the case: Alcohol consumption, especially of beer, was associated with reduced risk of non-Hodgkin lymphoma overall, and of diffuse large B-cell lymphoma and follicular lymphoma in particular.
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presented by the overall Newcastle-Ottawa Score (NOS) classified into three levels (low: 1-3; intermediate: 4-6; high: 7-9). 29 Regarding the items assessing the completeness (adequacy) of follow-up and whether the follow-up period was enough for outcomes to occur, the cut-off values were a priori set at 85% response rate and 5 years, respectively. Two independently working reviewers (INS and IGT) rated the studies and, final decision was reached by team consensus in case of disagreement. Publication bias was evaluated in the analyses that included 10 or more study arms; 22 Egger's statistical test was implemented. The evaluation of publication bias was performed using STATA/SE version 13 (Stata Corp, College Station, TX).
Results
Description of eligible studies
Supporting Information Figure S1 presents the flow chart describing the successive steps of the selection of eligible studies. A total of 1031 abstracts were identified and screened; all details pertaining to the selection of eligible studies, are presented in the Supporting Information Results. Taken as whole, fourteen cohort studies (11,381 incident NHL, 400 HL and 4,028 Leukemia cases in a total cohort size of 4,962,756 subjects) were identified as eligible. The characteristics of included cohort studies are presented in Supporting Information Table S1 .
Meta-analysis and dose-response analysis
Alcoholic drinks and risk of NHL (Table 1) .
Time-specific analyses. Regarding ever or current alcohol consumption grouped together, an overall protective association was noted based on the corresponding ten study arms (pooled RR 5 0.89, 95%CI: 0.83-0.95, random effects) (Fig. 1) . The protective effect was replicated on the subset of studies reporting on current alcohol consumption (pooled RR 5 0.89, 95%CI: 0.82-0.97, Supporting Information Fig. S2 ). However, Level of consumption. Regarding ever/current alcohol intake, nine eligible studies (14 study arms) reported on light consumption; their synthesis suggested a marginally protective association with NHL risk (pooled RR 5 0.93, 95%CI: 0.87-1.00) (Fig. 2a) . Concerning moderate alcohol consumption, the synthesis of the relevant nine eligible studies (13 study arms) indicated a protective association with NHL risk (pooled RR 5 0.85, 95%CI: 0.80-0.90) (Fig. 2b) . Similarly to moderate intake, the synthesis of the four relevant studies (five study arms) regarding heavy alcohol consumption indicated a protective association with NHL risk (pooled RR 5 0.73, 95%CI: 0.60-0.89) (Fig. 2c) .
Alcoholic beverages. Five eligible studies reported on differential effect of alcoholic beverages on NHL risk. Ever/current consumption of beer was associated with reduced risk of NHL (pooled RR 5 0.88, 95%CI: 0.81-0.95) (Fig. 3) . Nevertheless, neither wine (pooled RR 5 0.96, 95%CI: 0.90-1.12, Supporting Information Fig. S5 ) nor liquor consumption (pooled RR 5 0.90, 95%CI: 0.79-1.02, Supporting Information Fig. S6 ) reached statistical significance.
Gender-specific analyses. Regarding ever/current alcohol consumption, the synthesis of studies reporting on male sex pointed to a reduced NHL risk (pooled RR 5 0.88, 95%CI: 0.78-0.98, Supporting Information Fig. S7 ), whereas null association was found among the subset of studies with data on women (pooled RR 5 0.94, 95%CI: 0.83-1.07, Supporting Information Fig. S8 ).
Analyses by study quality. Table S2 , Figs. S11b, S12, S13).
Sensitivity analysis. The post hoc sensitivity analysis (Supporting Information Table S3 ) synthesizing only the study arms pertaining to current alcohol consumption replicated the associations that were documented in the overall analysis on ever/current consumption. Meta-regression analysis. The higher order metaregression analysis regarding alcohol consumption and NHL risk pointed to the following equation as the best fitting curve: RR 5 e (20.0092341 * x 1 0.0000509 * x2) , with statistical significance for both the first-order (p < 0.001) and the secondorder coefficient (p 5 0.003) and x representing the amount of alcohol grams ingested per day. The global minimum of the parabola, denoting the maximum protection corresponded to 90.7 gpd; the respective U-shaped curve is presented in Supporting Information Figure S14 .
Alcohol consumption and risk of HL ( Table 2 ). Pooling of three eligible studies regarding ever or current alcohol consumption and risk of HL resulted in a null association (pooled RR 5 0.74, 95%CI: 0.52-1.05, Supporting Information 
Evaluation of quality of studies and risk of bias
The evaluation of quality of studies is presented in Supporting Information Table S4 . The quality of studies was mainly compromised by the ascertainment of exposure (alcohol consumption), given the fact that self-administered questionnaires prevailed. However it has to be noted that all but one study 31 had >585% completeness of follow up, and most of them had also a long enough follow-up period, while the assessment of outcome was uniformly guaranteed; as evident upon the ratings of the relevant items.
No significant publication bias was detected in the analyses including 10 or more study arms, namely the analysis on overall ever/current alcohol consumption in NHL risk (p 5 0.756) as well as in the analyses evaluating light (p 5 0.722) and moderate (p 5 0.611) alcohol consumption in NHL risk.
Discussion
The results of the present meta-analysis suggest that alcohol consumption is associated with reduced risk of hematological malignancies, mainly NHL. Overall, ever or current alcohol consumption was associated with 11% reduction in the risk of NHL; similar protective effects were revealed regarding DLBCL and FL risk for which 17% and 15% reduction were noted, respectively. Among alcoholic beverages, beer intake was shown to have a protective effect on NHL and DLBCL risk. Males seem to benefit from alcohol consumption, whereas females did not.
Our findings are in consistence with previous studies in this field. Tramacere et al. have also suggested a favorable effect of alcohol drinking on NHL risk, while only moderate and heavy intake showed significant associations in cohort studies, in analogy to our results. 24 Moreover, alcohol consumption has been related to reduced risk of HL and leukemias in meta-analyses of observational studies; however, no significant results have been reported among cohort studies. 23, 25 Interestingly, in comparison to our study, the aforementioned publications included a smaller number of cohort studies in their analyses (a maximum of eight studies 23, 24 ); notably, the published meta-analyses [23] [24] [25] have not assessed the distinct effects of alcoholic beverages, leaving this field open to debate. Furthermore, a large population-based study including 420,000 patients diagnosed with alcohol use disorders suggested a protective effect of alcohol consumption against all hematological malignancies; 32 this agrees with our results, taking into consideration that these patients belong to the moderate/heavy level of consumption and our metaregression analysis showed that the maximum protection corresponded to 90.7 g of alcohol consumed daily. Regarding MM, we have previously documented a protective effect of alcohol intake, especially among females, synthesizing 26 observational studies. 33 These results should however be interpreted carefully in a broader context, because alcohol consumption increases the risk of other cancers, including colorectal, breast, oral, pharyngeal, laryngeal, esophageal, liver and gastric cancer. 34 From a pathophysiological viewpoint, multiple molecular pathways may explain the present findings. Chronic exposure to ethanol has been associated with reduced activation of mammalian target of rapamycin (mTOR) complex and inhibition of NHL growth in xenograph models. 35 Ethanol has been shown to blockade the mTOR pathway and induce autophagy in DLBCL cell lines, similar to pharmacologic mTOR inhibitors that additionally induce apoptosis. 36 Furthermore, another possible mechanism may include the induction of insulin sensitivity by alcohol consumption and the upregulation of anti-inflammatory gene; 37,38 alcohol intake could thus indirectly protect against lymphoma risk by reducing the risk of diabetes mellitus. 39 Among the alcoholic beverages that were studied in this meta-analysis, beer seemed to have a protective role in the risk of NHL and DLBCL. The particular beneficial effects of beer can be explained, taking into account its rich contents in B vitamins and antioxidants. 40 Beer is a source of niacin and vitamin B6; rich intake of niacin 41 and vitamin B6 42 could be beneficial in terms of reducing lymphoma risk. Therefore, there is accumulating evidence for providing a rationale for the observed protective effect of alcohol on the 
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risk of NHL and DLBCL; however a unifying hypothesis has yet to be formulated. Among the strengths of our study is the inclusion of a large number of cohort studies, which are free from many types of biases that are inherent in case-control studies. 43 The systematic literature search along with the "snowball" procedure achieved the synthesis of the maximum available information that is depicted on the large set of subgroup analyses. The higher order meta-regression analysis was an additional asset of this meta-analysis, as it allowed the further substantiation of the differential effects of various consumption levels. Furthermore, the assessment of study quality with Newcastle-Ottawa Scale was taken into account in subgroup analyses; the synthesis of high-quality studies replicated the core finding pertaining to the inverse association between alcohol consumption and NHL risk. Reverse causation does not seem to affect the present findings, as the included studies implemented a cohort design and subjects were diseasefree at baseline. In addition, the post hoc sensitivity analysis synthesizing study arms on current alcohol consumption (i.e., alcohol consumption close to the time of baseline measurement in the cohort study) replicated the associations that were observed in the overall (ever/current) analysis; this seems of importance, as the interpretation of ever alcohol consumption might be problematic, integrating various degrees of unmeasured lengths of former consumption and abstinence periods. The lack of significant publication bias is another strength of this meta-analysis.
Regarding the limitations of this meta-analysis, between studies heterogeneity and differences in adjustment factors among included studies might have affected the effect estimates. The widespread use of self-administrated questionnaires for the ascertainment of alcohol intake was the main concern, as far as the quality of studies is concerned. In the analyses pertaining to the distinct effects of light, moderate and heavy consumption, sometimes more than one exposure strata deriving from the same study fell into the same consumption level; for instance, two exposure strata from the study by Chang et al., 44 two from Chiu et al. 45 and two from Kanda et al. 46 in the analysis on light consumption. This fact was due to the variable cut-off points that were implemented in the published studies in relation to the classification of light/moderate/heavy consumption and may harbor a degree of inter-dependence between relative risk estimates, as such pairs have been derived from the same study. Moreover, there were not enough eligible studies to conduct all possible subgroup analyses, to evaluate supplementary outcomes in our topic. For instance, the fact that the protective role of alcohol intake was confined to men may reflect that men consume larger quantities of alcohol compared to women; 47 however, there were not enough study arms to reliably assess alcohol consumption patterns and dose-response curves separately in men and women.
In accordance to our recently published meta-analyses, 14, 29, 33 the search strategy encompassed the combination of PubMed with a thorough "snowball" procedure i.e., a meticulous examination of the reference lists in the relevant studies as well as reviews to identify additional, potentially missed studies; in this context, alternative databases (such as Embase, Google Scholar or Web of Science) were not searched. Nevertheless, in view of the fact that the eligible studies were large cohorts with detailed reporting, the possibility for unidentified eligible studies seems minimal. Finally, the majority of available evidence pertained to NHL, about which significant associations were noted; scarcity of data from cohort studies was documented regarding HL and leukemias.
In conclusion, this meta-analysis suggests a protective effect of alcohol consumption on NHL risk, which is in contrast to the pattern in most solid malignancies. Among alcoholic beverages, beer seems to be particularly beneficial. Further prospective studies are deemed necessary, especially on HL and leukemias, to further investigate this field.
